Abstract. This study was carried out to detect the presence Tomato mosaic virus (ToMV) by biological, serologic and molecular methods in the pepper production areas in Burdur and Denizli provinces. Symptoms related with virus infections on the pepper plants were observed during the surveys. Mechanical inoculation studies, DAS-ELISA (Double-antibody sandwich enzyme linked immunosorbent assay) tests, IC-RT-PCR (Immunocapture Reverse transcription polimerase chain reaction) studies were carried out during the work carried out to define the virus. The plants collected from the field that were suspicious with regards to being infected with the virus were first tested by the ELISA method. It was determined that 10 of the 209 tested samples were infected with ToMV. The samples that gave positive results during ELISA tests were used in the mechanical inoculation studies. Symptoms were observed in the indicator plants within a period of 7-10 days. 20 plant samples that gave negative ToMV values in the ELISA tests but had absorbance values close to positive along with the 10 samples that were tested as positive in the DAS-ELISA were used in the IC-RT-PCR method. All of the 30 samples produced expected amplification size of band with 318 bp as observed on agarose gel electrophoresis.
Introduction
Pepper (Capsicum annum L.) is a member of the Solanaceae family and is a hot and mild climate plant. The homeland of pepper is stated to be tropical South America and especially Brazil. Pepper was brought England from Spain in the 1500s from where it spread to the rest of Europe. China is the leader in worldwide pepper production as of 2016 with 13.189.303 tons. It is followed by Mexico with 2.335.560 tons whereas Turkey is ranked three with 1.986.700 tons. Turkey is followed by Indonesia and USA (TUIK, 2016; FAO, 2016) .
Pepper is rich in vitamins A and C. Peppers can be used as fresh or as canned, in pastes, as pickled, in concentrated tomato soups, ready soups, in making powdered or chili peppers, in paint industry, pharmaceutical industry etc. (Anonymous, 2017) .
Burdur and Denizli are important in vegetable production due to their soil and climate properties as well as irrigation options. Especially Kale district of Denizli cultivates good quality peppers.
Significant efficiency losses occur in pepper cultivation due to wrong or insufficient agricultural applications as well as biotic and abiotic disease factors. There are many fungi, bacteria and virus based diseases in the vegetable cultivation areas which limit cultivation. Virus diseases are significant among these factors due to their chemical and physical structures, sizes, types of infection, symptom formation, transport and the lack of an effective struggle against them (Agrios, 1997 ToMV belongs to the Tobamovirus type. Virus includes linear single helical RNA genome. It has a rod shaped particle structure. The virus has a length of about 300 nm and a width of about 18 nm. Virus particles consist of 5% nucleic acid; 95% protein.
The genome is single pieced. ToMV can be spread between plants on workers' hands, tools and clothes with normal activities such as plant tying, harvest. Seed can be infected and pass the virus to the plant. Tomato mosaic virus can survive in infected root debris in the soil for up to two years (Silva et al., 2011) .
TMV, ToMV, CMV, PMMoV, TSWV, PVY, AMV have been determined during the studies carried out related with the diseases of peppers in our country (Şevik, 2011; Sertkaya, 2012; Özdağ and Sertkaya, 2017; Geyik, 2017) .
The existence of virus diseases, their harms and their symptoms vary in accordance with the type of the pepper plant as well as the environmental conditions. That is why, first the detection of the viruses in the culture plant that is cultivated should be made in order to minimize the damages caused by virus disease and to develop control methods. It is not correct to carry out diagnosis based only on observation for virus detection. In recent years, PCR methods have been developed in parallel with molecular techniques which enable sensitive and accurate diagnosis of pepper viruses from plant tissues The aim of this study is to determine ToMV in the pepper production areas of Burdur and Denizli provinces by DAS-ELISA, mechanical inoculation and IC-RT-PCR method.
Materials and methods

Plant material
The main material of this study consists of 209 leaf samples (115 samples from Denizli + 84 samples from Burdur) which show virus disease symptoms and which are thought to be infected with virus. The samples were collected from the pepper production areas (8 locations) during June-September in 2012-2013. The samplings were made from plants with leaf deformation, leaf curling, necrosis formation on the leaves, mosaic symptoms and stunting symptoms. There is no difference between sampling sites during surveys. The samples were labeled inside polyethylene bags and brought to the laboratory in ice boxes to be preserved in deep freezer (-20 °C) until the required tests were carried out.
Serological test method (DAS-ELISA)
ToMV-DAS-ELISA (BIOREBA AG, Switzerland) commercial kit was used in the study. The application were performed were performed as described by Clark and Adams (1977) .
Accordingly, 200 µl of IgG was added to each of the hole of ELISA plate, which was diluted in the coating buffer at a ratio of 1:1000 which was then kept at +4 °C for http://www.aloki.hu • overnight. Afterwards the ELISA plates were washed with the washing buffer. The washing was repeated 3 times. The plant extracts prepared by diluting at a ratio of 1/10 using extraction buffer was added to each hole as 200 µl and was kept overnight at +4 °C. Washing was repeated the next day. After washing process, conjugated antibody was diluted at a ratio of 1:1000 in the conjugate buffer, 200 µl was added to each hole and was kept at 37 °C for 4 h. After the washing process, each substrate prepared as 1 mg/ml in the substrate solution was added to each hole as 200 µl and was left to wait at room temperature. Finally, p-nitrophenyl phosphate in diethanolamine substrate buffer; (pH: 9.8) was added and 405 nm values were measured at a microplate reader VersaMax microplate reader (Molecular Devices, Sunnyvale, CA) after 60-120 min. Samples with absorbance values greater than twice the mean absorbance reading of healthy controls obtained from (Bioreba, Switzerland) were considered positive for ToMV (Şevik, 2016) .
Mechanical inoculation studies
Mechanical inoculation was carried out on test plants during the 3-4 leaf stage using the samples that yielded positive reaction as a result of the ELISA tests of ToMV infection suspicious leaf samples collected during the survey. To this end, plant tissues acquired from ToMV infested plants were prepared at a ratio of 1:1 (W/V) in 0.01 M phosphate buffer solution (pH; 7.2) including 0.01% 'lik 2-Mercaptoethanol and was inoculated to the leaves of the test plants. Capsicum annuum, Chenopodium amaranticolor, Nicotiana glutinosa, Nicotiana tabacum L. "Xanthii", Nicotiana tabacum "White Burley" were used as test plants (Aghamohammadi et al., 2013) . Plant growth cabins at 18-20 °C temperature were used to observe symptoms in test plants. Mechanical inoculation studies were repeated until symptoms were seen.
Molecular test method (IC-RT-PCR)
Immunocapture-RT-PCR method was used as molecular test method since it is more advantageous due to the direct usage of plant extracts after mixing with water without any need for nucleic acid isolation. Antibodies specific to the virus were used, viral forms in the crushed plant material were captured immunologically and were used in viral RNA amplification. The DAS-ELISA positive samples (10 samples) and the samples with absorbance values close to positive (20 samples) were used in molecular studies for a total of 30 samples. In the Immunocapture-RT-PCR method:
• PCR tubes were coated with the antibody specific to the virus during ELISA studies and were left for incubation at 4° C for the overnight.
• Tubes were washed with PBS-Tween Buffer for 3 times after incubation and they were left to wait in the deep freezer until molecular studies.
• During molecular studies.
• plant tissue extract, as prepared above for ELISA, was loaded into the antibody-coated tubes and incubated. The samples were left for incubation at +4 °C overnight.
• Tubes were washed with PBS-Tween Buffer for 3 times after incubation and were also washed once with sterile pure water.
• RT-PCR mixture was added to these PCR tubes afterwards. 
Pepper plant leaves infected with ToMV in DAS-ELISA studies and ToMV-infected C. amaranticolor and Capsicum annuum plant leaves were used as positive control in molecular studies; whereas healthy pepper plant leaves were used as negative control.
IC-RT-PCR products were separated on a 1% agarose gel by electrophoresis (BioRad) and stained in a 0.5 μg/ml ethidium bromide solution. An image was captured after the exposure of ethidium-bromide-stained gel on a transilluminator with a digital camera (UVP-Doc-It). 100 bp DNA ladder (Thermoscientific, GeneRuler) was used as marker.
Results
Symptoms such as leaf deformation, leaf curling, decoloring of the leaves, necrosis formation on the leaves, mosaic symptoms and stunting symptoms have been observed and these plants have been photographed during the survey (Fig. 1) .
Firstly, ELISA tests were carried out on the leaf samples collected from 209 plants with virus infection symptoms in order to determine the existence of ToMV. The results showed that 10 out 209 samples were infected with ToMV. Whereas ToMV infection rate for 209 of the collected samples was determined as 4.78%.
Mechanical inoculation studies were carried out using ToMV infected leaves that were detected after ELISA tests. Chlorotic local lesion symptoms were observed in Chenopodium amaranticolor of the plants one week after inoculation; whereas local lesion symptoms were observed at Nicotiana glutinosa 10 days after inoculation and the symptoms have been photographed (Figs. 2 and 3) . On the other hand, Capsicum annuum directly developed systemic symptoms as mosaic, stunding (Cherian and Muniyappa, 1998; Aghamohammadi et al., 2013; Ullah et al., 2017) (Fig. 4) . The presence of ToMV was further confirmed through mechanical inoculation and IC-RT-PCR.
IC-RT-PCR method is one of the molecular methods that is widely used in many studies to detect virus diseases in plants and this was used on pepper samples to detected the ToMV. 10 samples yielded positive results as a result of the testing of the 209 leaf samples collected from the pepper cultivation area by DAS-ELISA. At this stage of the study, 20 isolates which yielded negative results in the DAS-ELISA tests but which had absorbance values close to positive along with 10 samples that yielded positive results in DAS-ELISA were used in the IC-RT-PCR studies which is more sensitive in comparison to ELISA. It was determined a result of the RT-PCR works on plant samples that all of the samples yielded the expected band specific to ToMV (318 bp) and that all of the 30 samples (100%) were infected with ToMV. No fragment was amplified from negative control (Figs. 5, 6 and 7) . 
Discussion
Virus based diseases are quite significant due to the facts that their control is mostly hard and indeed impossible, that there is no effective chemicals and that the viruses spread far and wide via vector insects.
It is essential to first detected the viruses found in the cultivated culture plant in order to minimize the damages due to viruses and to develop control strategies. The symptomatologic studies that will be carried out based on observation for defining the viruses should be supported with serologic and molecular tests that will be carried out. It is possible to take precautions for the control of this virus disease only after carrying out the diagnosis of this factor. Biological, serological, and molecular assays have generally been used for identification of plant viruses. Although ELISA is preferred assay for routine virus detection, RT-PCR has increasingly been used for detection and identification of viruses due to higher level of sensitivity (Almeida et al., 2018) . Among the molecular methods, the most widely used is the RT-PCR (Liu et al., 2014) . The IC-RT-PCR technique has as an advantage the fact that crushing of the plants for the viral RNA extraction is unnecessary, since only the viral particles that lie on the outside are captured by the specific antiserum (Mulholland, 2009) The mosaic, contraction in the nervures, spotting, leaf and fruit deformations as well as necrosis formation on the leaves observed during the surveys carried out at Burdur and Denizli pepper cultivation areas were in accordance with the symptoms reported in previous studies mosaic symptoms and stunting symptoms (Kumar et al., 2011; Svoboda and Svobodova-Leisova, 2012) .
The symptoms that occur in Capsicum annuum, Chenopodium amaranticolor and Nicotiana glutinosa as a result of mechanical inoculation put forth the existence of ToMV in leaf samples collected. The acquired symptoms were in accordance with previous study results and supports the view that the virus can be ToMV (Aghamohammadi et al., 2013; Ullah et al., 2017) .
However, it is a fact that sometimes symptoms cannot be observed in mechanical inoculation method due to various reasons. That is why, detection studies should be supported with more sensitive methods since the use of this method by itself might lead to errors.
The positive reactions acquired during the serologic test carried out to diagnose the virus signify the existence of ToMV in the plant. The ELISA tests used in the diagnosis work for many plant viruses have widely been used by researchers (Geyik, 2017; Kapoor et al., 2018) . The fact that it is fast, sensitive, economical and reliable makes this method a preference (Vinayarani et al., 2011; Almeida et al., 2018) .
It has been found in this study as a result of carrying out DAS-ELISA tests on the leaf samples that 10 of the 209 samples were infected with ToMV. ToMV infection has been detected in studies carried out at various parts of our country (Gümüş and Paylan, 2013; Özdağ and Sertkaya, 2017 ).
Özdağ and Sertkaya and (2017) has carried out survey studies to determine the virus diseases in pepper areas in Hatay province and it has been found as a result that of the 303 plant samples, CMV, PLRV, PVX, PVY, PMMoV, PepMoV, ToMV and TSWV. DAS-ELISA method has been used to detect the viruses. 10 of the 209 samples used in DAS-ELISA tests were determined to be infected with ToMV, whereas it was determined in IC-RT-PCR studies that all 30 samples (%100) were infected with ToMV putting forth that PCR method is much more sensitive with respect to ELISA especially when virus density is low. IC-RT-PCR showed greater sensitivity in detecting to ToMV.
According to results of symptom inspections on plants, IC-RT-PCR, DAS-ELISA and mechanical inoculation studies, ToMV in Burdur and Denizli provinces was caused by more than one agent. ToMV was not detected in all the symptomatic samples, it is thought those symptoms were also caused by other viruses. Studies on those potential viruses must be carried out to find out the causal viruse of pepper in this region. 179 pepper samples that showed virus-like symptoms did not react with the antiserum of ToMV used in serological test and IC-RT-PCR method indicating that they were possibly infected with other pepper viruses.
Conclusions
In this study, the existence of ToMV in the pepper production areas at Burdur and Denizli provinces have been found out using biological, serological and molecular methods. Previous studies also identified TSWV as common virus infecting pepper (Çulal-Kılıç et al., 2017) in same zone. ToMV in peppers in this region were firstly identified in this study.
